I. INTRODUCTION
It has been recognized that among mammals, bats and porpoises produce ultrasounds (sounds above 20 kc). More recently a few investigators have shown that neonatal rodents also emit ultrasounds (ZIPPELIUS & SCIiLEIDT, I956; NOIROT, 1966 NOIROT, , 1968 SEWELL, 1967 SEWELL, , 1968 . The production of ultrasounds by neonatal rodents seems to be a widespread phenomenon appearing among many phylogenetically diverse genera including Acornys, Apodenx/,v, Clethrionomys, Gerbi.llus, Mastovytys, Meriones, Mesocricetus, Microtus, Mus, Peromyscus, Rattus, and Thamnomys. Neonat.al Mus, Peromyscus, and l2attus typically produce high frequency cries after being isolated from the nest or exposed to a lowered temperature (ZIPPELIUS & SCHLEIDT, 1956; HART & KING, 1966; NOIROT, Ig66, 1968) . These investigators also found that as rodent pups mature, the number of high frequency calls given decreases significantly. However, the ability to make ultrasounds is not lost completely in some older rodents. SCHLEIDT ( I95I) reported that the bank vole (EvOtOltL}'S glareolus) produces high frequency calls possibly to inhibit the escape reactions of its mate. ANDERSON ( Ig54) showed that adult rats I) I wish to thank Drs OLWEN WILLTAMS, HOBART M. SMITH, and CARL BOCK for criticizing the manuscript. Also, I want to thank Drs R. IGOR GAMOW and RUDOLF WEISs for the use of equipment and Mr WOLFGANG BANK for his technical assistance. Dr DAVID VERNON assisted me with the statistical analysis. My husband, Dr DALLAS COLVIN, deserves credit for his assistance and encouragement. The german translation was provided by Mr DAVID WTMMER. This research was supported by funds from the Kathy Lichty Memorial Fund and a Research Grant-in-Aid from the University of Colorado Graduate School and represents a portion of a PhD Thesis for the University of Colorado.
2) Present address: Division of Life Sciences, Ventura College, Ventura, California 93003, U.S.A. produce ultrasounds.
SEWELL (1967, 1968) demonstrated that ultrasounds are given by adult myomorphs during sexual and agonistic encounters. The use of ultrasounds in echolocation by adult rodents is suggested by KAH-MANN & OSTERMANN (1951) .
NOIROT & PYE (I969) published the first detailed spectrographic analysis of ultrasounds in infant rodents. They used as subjects young albino mice belonging to the family Muridae. Their analysis described changes in the length and frequency of the calls as a function of age. An analysis of the structure of high frequency distress calls produced by cricetids (Peromyscus) was also performed; however, the distress calls were often below 20 kc and therefore were not truly ultrasonic (HART & KING, 1966) .
Before SEWELL'S work the function of ultrasounds given by neonatal rodents was largely speculative. Previously NoIROi (1964) showed that the sudden decline in retrieving and nest building in adult albino mice coincided with the disappearance of ultrasounds in young mice suggesting that ultrasounds are important in eliciting these activities. NOIR01 (1969) presented evidence that ultrasounds and olfactory cues increase the occurrence of different types of maternal behavior in mice. However, the data on?ly suggested that ultrasounds have communicative importance since bursts of ultrasounds were not definitely correlated with increased maternal activity. In addition, the effectiveness of ultrasonic cues in relation to olfactory cues was not determined. While the present study was in progress, SEWELL ( Ig7o) showed ultrasounds produced by young A podemus sylvaticus initiated retrieving by lactating females and that therefore ultrasounds do have communicative importance.
In the present research five species of Microtus, namely, M. pennsylvanicus, M. montanus, -ff. californicus, M. longicaudus, and M. ochrogaster, were used as subjects. There were three primary objectives in this study. The first objective (study I) was to determine the conditions under which neonatal Microtus produce ultrasounds. The second objective was to analyze certain structural features of the ultrasounds and to study interspecific differences in ultrasounds. Also changes in ultrasounds as a function of age were noted for litters of all five species of Microtus. These studies on the structure of ultrasounds led to a hypothesis on the adaptiveness of ultrasounds in neonatal rodents. The probable adaptive significance of ultrasounds has not been discussed by previous authors. The final objective (study 3) tested the hypothesis that ultrasounds have a communicative function in the initiation of retrieval of pups by microtine parents. This experiment investigated the ability of microtine parents to orient to pups using only ultrasonic cues.
